Molecular Microbiology and Immunology, University of Missouri School of Medicine, Columbia, MO, USA. Ebola virus (EBOV) infects cells through entry into endosomes. It is known that endosomal cathepsins cleave the fusion protein of EBOV (GP) into its fusion-active form and that low pH increases cathespin activity. For other viruses, such as influenza, that enter endosomes, acidic pH induces the conformational changes of the fusion protein that lead to infection. The question arises: is low pH within endosomes required for EBOV infection solely because it increases the activity of cathepsins, or does low pH also induce conformational changes in GP that leads to fusion? To answer this question, we developed a cell-cell fusion system in which cathepsin activity and pH can be independently controlled. A two color video microscopy assay was used to monitor fusion: the effector cells, expressing EBOV GP, where loaded with calcein AM and the target cells where loaded with CMAC. We verified that fusion was EBOV GP mediated: a neutralizing antibody KZ52 against EBOV GP and a peptide, 3.47, that inhibits EBOV infection inhibited fusion; single and double mutations within GP that reduce infection also reduced fusion. Results of flow cytometry experiments that monitored spread of a lipid dye were in full accord with those obtained by aqueous dye spread. Quantitative comparisons for the rate of both dyes transfers strongly indicate that EBOV GP mediated pores enlarge very slowly; this was directly confirmed by patch clamp capacitance measurements. EBOV GP can be cleaved to fusion competency in the laboratory by thermolysin, without using cathepsins. Experiments in which effector cells were treated with thermolyin and an assortment of cathepsin inhibitors were used and showed that EBOV GP induced fusion does not fundamentally require acidity, but rather, it is only the cleavage of GP that requires low pH. Supported by R01 GM101539.
2566-Plat
The Mechanism of HIV Entry Inhibition by 25-Hydroxycholesterol Bárbara Gomes 1 , Axel Hollmann 1,2 , Nuno C. Santos 1 . Among the known biological activities of 25-hydroxycholesterol (25HC) are its potential immunological functions. A recent work demonstrated that 25HC blocks HIV-1 entry, preventing the release of the viral content into the host cell, which suggests an action at the membrane level. The aim of this work is to clarify 25HC antiviral mechanism, studying its effects on membrane properties and on the viral fusion process, using lipids and HIVfusion peptide (HIV-FP). Different biophysical studies, with small unilamellar vesicles (SUVs) and lipid monolayers, were performed to understand the differences that occur at the membrane level when cholesterol is substituted by 25HC. The effect of binary lipid mixtures, with 25HC or cholesterol, on HIV-FP structure was evaluated by Fourier transform infrared spectroscopy (FTIR). HIV-FP-induced lipid mixing assays were performed to calculate fusion efficiency. When cholesterol is substituted by 25HC, membrane fusion efficiency is reduced by 50%, demonstrating that 25HC can directly block membrane. Fusion fluorescence anisotropy, dipole potential and surface pressure assays show that the conversion of cholesterol in 25HC leads to a loss of the cholesterol modulating effect on membrane properties. On the contrary, FTIR reveals a similar HIV-FP structure in the presence of both sterols. Overall, our data show that 25HC can directly block HIV entry through the inhibition of HIV-FP-induced membrane fusion. The mechanism supporting this activity is not based on effects at the level of HIV-FP structure, but in changes of membrane biophysical properties, associated with the broad-spectrum activity against different enveloped viruses. Institute of Biophysics, Johannes Kepler University Linz, Linz, Austria. Proper supply of mammalian cells with cholesterol is crucial for membrane function and cellular survival and is regulated by several mechanisms, including cellular uptake, synthesis, storage and export. Transport of excess cholesterol from the periphery back to the liver for excretion into the bile is achieved by high-density lipoproteins (HDL). HDL particles are captured from the blood stream by the scavenger receptor class B type I (SR-BI), the so-called HDL receptor. The subsequent lipid transfer process, however, is highly speculative: it has been proposed to occur after HDL endocytosis or directly at the cell surface across an unstirred water layer or via a hydrophobic channel in the receptor. Here we show via direct imaging techniques that, upon contact with the membrane, HDL is incorporated into the hydrophobic core of the lipid bilayer and amphiphilic cargo is immediately released to the plasma membrane. Particle incorporation and cargo transfer is abolished at increased membrane cholesterol concentrations, as a consequence of the reduced membrane elasticity. Our observations reveal a mechanism for regulation of lipid uptake, which is based on sensing plasma membrane cholesterol levels: HDL-receptors tether particles close to the plasma membrane; once in proximity, elastic membrane properties regulate the particles' fusion with the bilayer and subsequent cargo transfer. The data indicate that the plasma membrane itself signals a cell's cholesterol demand: high cholesterol levels act repulsive, low cholesterol levels fusogenic.
2567-Plat

2568-Plat
The HOPS/Class C Vps Complex Tethers Membranes by Binding to a Rab Gtpase in one Membrane and Directly to a Second Membrane via a Curvature-Sensing Motif Christopher Stroupe. University of Virginia, Charlottesville, VA, USA. Many Rab GTPase effectors are membrane tethering factors, that is, they physically link two apposed membranes prior to intracellular membrane fusion. Here, we investigate the distinct binding factors needed on apposed membranes for Rab effector-dependent tethering. We show that the homotypic fusion and protein sorting/Class C vacuole protein sorting (HOPS/Class C Vps) complex can tether low-curvature membranes, i.e. liposomes with a diameter of~100 nm, only when the yeast vacuolar Rab GTPase Ypt7p is present in both tethered membranes. When HOPS is phosphorylated by the vacuolar casein kinase I, Yck3p, tethering only takes place when GTP-bound Ypt7p is present in both tethered membranes. When HOPS is not phosphorylated, however, its tethering activity shows little specificity for the nucleotide-binding state of Ypt7p. These results suggest a model for HOPS-mediated tethering in which HOPS tethers membranes by binding to Ypt7p in each of the two tethered membranes. Moreover, because vacuole-associated HOPS is presumably phosphorylated by Yck3p, our results suggest that nucleotide exchange of Ypt7p on multivesicular bodies (MVB's)/late endosomes must take place before HOPS can mediate tethering at vacuoles.
Symposium: Multiscale Correlative Imaging Techniques
2569-Symp
Correlative Imaging of Intracellular Transport Processes at High Resolution Melike Lakadamyali. ICFO-Institute of Photonic Sciences, Castelldefels, Spain. Intracellular transport plays an essential role in maintaining the healthy organization and function of cells. Motor proteins like dynein and kinesin actively transport vesicles and organelles through the crowded cellular environment. In doing so, they must overcome traffic jams and roadblocks to effectively deliver their cargo to the right place and at the right time. Understanding the mechanisms that motors use for achieving efficient transport in vivo can give important clues into how transport may fail in neurodegenerative diseases. Over the years, we have been developing new tools that take advantage of single particle tracking and super-resolution microscopy to visualize intracellular transport with high spatio-temporal resolution inside living cells. These methods have helped us gain new insights into the biophysical mechanisms that motors use to move their vesicles along the complex microtubule network in an efficient manner.
2570-Symp
In Vivo Imaging of Cellular Dynamics from the Nanoscale to the Macroscale Eric Betzig. Howard Hughes Medical Instutute, Ashburn, VA, USA. The hallmark of life is that it is animate. To gain a better understanding of how inanimate molecules assemble to create animate life, it is necessary to image living organisms noninvasively at high resolution in both space and time. However, the imaging of biological specimens involves inevitable tradeoffs of spatial resolution, speed, non-invasiveness, and imaging depth. I will describe three methods that balance these tradeoffs in different ways: structured illumination microscopy at 50-80 nm resolution, which we apply to study endocytic and cytoskeletal dynamics at the plasma membrane; lattice light sheet microscopy, which we use to image the rapid three-dimensional dynamics of single molecules, cells and embryos at hundreds of image planes per second; and adaptive optics, which we use to recover optimal resolution of fine neural processes deep in the brains of zebrafish and mice.
2571-Symp
Localizing Molecules in Cellular CT Scans Carolyn Larabell 1,2 , Gerry McDermott 1,2 , Mark Le Gros 1,2 . 1 Anatomy, University of California, San Francisco, San Francisco, CA, USA, 2 Lawrence Berkeley National Laboratory, Berkeley, CA, USA. Much like medical CT scans reveal anatomical structures in the body, soft x-ray tomography (SXT) visualizes and quantifies the organization of sub-cellular structures within a cell. In SXT, the specimen is illuminated with x-ray photons from within a region of the spectrum known as the 'water window' (284 -543eV). 'Water window' x-ray photons are absorbed an order of magnitude more strongly by carbon-and nitrogen-containing organic material than by water. Consequently, variation in biomolecule composition and concentration gives rise to quantitative, high-contrast images of intact, fully hydrated cells without the need to use contrast-enhancing agents. Cells imaged by SXT are, therefore, highly representative of the cell in its native, functional state. Attenuation of soft x-rays, as they pass through the specimen, adheres to the Beer-Lambert Law. Attenuation is, therefore, a function of chemical composition and concentration of organic material, yielding unique quantitative Linear Absorption Coefficient (LAC) measurements for cellular components. LAC values are enormously powerful in terms of quantifying alterations in cell structures during events such as cell differentiation, progression or etiology of disease states, genetic manipulation, and application of exogenous agents. To localize molecules without perturbing cell structures, we use correlated high numerical aperture cryogenic fluorescence tomography (CFT). This multi-modal approach -imaging the same cell using both CFT and SXT -allows localization of labeled molecules directly in the context of a high-resolution 3-D tomographic reconstruction of the cell. I will show examples of data collected using these imaging technologies developed at the National Center for X-ray Tomography, an NIGMS-NIH supported Biomedical Technology Research Resource.
2572-Symp
Matching Scales and Capabilities with Integrated Fluorescence and Electron Microscopy Jacob P. Hoogenboom. Imaging Physics, Delft University of Technology, Delft, Netherlands. Superresolution techniques have pushed the resolution of fluorescence microscopy (FM) towards that of electron microscopy (EM). Meanwhile, developments in scanning EM are revolutionizing EM, moving lateral image dimensions to typical FM fields-of-view and extending imaging capability into the third dimension and the live-cell regime. By correlating data from both techniques, molecules can be localized within the context of cells and tissue and with reference to their live dynamics, but throughput and quantification are hindered by elaborate, expert procedures involving separate microscopes. I will show integration of highnumerical aperture FM in a SEM, such that the electron beam can be positioned anywhere within the fluorescence field of view. Using electron-beam excited cathodoluminescence from the transparent sample substrate, we achieve automated FM-EM image registration with an accuracy that can be pushed to 5nm, i.e. equaling bio-molecular length scales. Besides integrated correlation microscopy, I will show our progress towards novel applications bridging fluorescence and electron microscopy, such as fluorescence-guided live-cell EM, and electronbeam identification and localization of labels, molecules, and cells.
Symposium: Crowding and Order in the Genome
2573-Symp Predictability and Control of Gene Bursting in Live Mammalian Cells
Ibrahim Cissé. Department of Physics, Massachusetts Institute of Technology, Cambridge, MA, USA. Transcriptional bursting is a hallmark for cellular variability across species. Whether predictability and output control exist within the stochastic bursting process is unknown. Here, we advance that collective behaviors from transient bio-molecular interactions help confer gene expression control in mammalian cells. We developed a live cell super-resolution approach to uncover the correlation between mRNA synthesis and the dynamics of RNA Polymerase II (Pol II) clusters at a gene locus. For endogenous b-actin genes in mouse embryonic fibroblasts, we observe that short (~8 s) Pol II clusters correlate with basal mRNA output. With serum stimulation, a stereotyped increase in Pol II cluster lifetime correlates with the proportionate increase in mRNAs synthesized minutes later. An additional burst of mRNA synthesis can be induced, at will, with a drug that stalls then releases Pol II clustering. Our findings reveal that transient clustering of Pol II constitutes a pre-transcriptional regulatory event which dynamically controls gene expression output.
2574-Symp
Single-Molecule Imaging of RNA in Live Cells Maria Carmo-Fonseca. Instituto de Medicina Molecular, University of Lisbon, Lisbon, Portugal. Expression of genetic information in eukaryotes involves a series of interconnected processes that ultimately determine the quality and amount of proteins in the cell. Many individual steps in gene expression are kinetically coupled, but tools are lacking to determine how temporal relationships between chemical reactions contribute to the output of the final gene product. Previous studies have imaged RNAs in living cells by genetically inserting the binding sites for bacteriophage coat proteins in the RNA of interest. However, multiple nascent RNAs were simultaneously detected at the site of transcription, necessitating a modelling approach to infer kinetic information. To circumvent these significant limitations and potential problems in data interpretation, we developed a strategy that permits direct tracking of single nascent pre-mRNA molecules in live cells. We are using this approach to study how kinetic mechanisms impact on RNA biogenesis.
2575-Symp
Micromechanical Study of Mammalian Metaphase Chromosomes and Nuclei John F. Marko. Northwestern University, Evanston, IL, USA. Eukaryote chromosomes are organized into complex folded structures with remarkably different organization at different stages of the cell cycle. During interphase, chromosomes are organized into functional compartments and domains composed of dense heterochromatic regions and less compacted, transcriptionally active chromatin. Then, following DNA replication, chromosomes are entirely refolded into remarkably uniform, cylindrical mitotic chromosomes, which become individualized and ultimately split into sister chromatids. We have investigated the organization of both metaphase chromosomes and interphase nuclei from mammalian cells using micromechanical experiments. Metaphase chromosomes behave remarkably like crosslinked networks of chromatin, showing a wide range of elastic extensibility (Young modulus~400 Pa), and with their elasticity dependent on connectivity of chromatin. Experiments where DNA is cleaved show an immediate loss of mechanical stability arguing against an underlying connected protein ''scaffold'' as an organizing principle. siRNA experiments interfering with production of condensin subunits lead to a loss of mechanical stability of metaphase chromosomes, indicative of the role of condensin as a major ''cross-linker'' of chromatin in metaphase chromosomes, and antibody staining of condensin indicates its organization into clusters that become visible when metaphase chromosomes are extended. We have also recently developed similar techniques for studying the mechanics of isolated human cell nuclei; DNA cleavage experiments indicate that chromatin itself contributes a large portion of the elastic modulus of the nucleus for small deformations, with the elasticity of the nuclear lamina becoming important at large extensions. Experiments increasing or decreasing the amount of heterochromatin or lamin A (a major intermediate component of the nuclear lamina) validate our conclusions concerning the differential importance of chromatin and the nuclear lamina to small and large nuclear deformations.
